
UNCLASSIFIED

AD NUMBER

AD855004

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational use; 15 May
1969. Other requests shall be referred to
Air Force Material Laboratory, Attn: MAAE
Wright-Patterson AFB OH 45433.

AUTHORITY

AFSC ltr, 2 Mar 1972.

THIS PAGE IS UNCLASSIFIED



A.LCOA i

CMECANICAL PROPERTIES, INCLUDING FRACTURE
TOUGHNESS AND FATIGUE, CORROSION CHARACTERISTICS

O AND FATIGUE-CRACK PROPAGATION RATES OFo STRESS-RELIEVED ALUMINUM ALLOY HAND FORGINGS

D. J. Brownhill, C. F. Bebilon
G. E. Nordmark and D. 0. Sprowls

Contract No. F33615-68-C-13 8 5
Project No. 7381

PIfi0h Technical Pbnagement Report
Februery 15, 1969- Nby 15, 1969

~~~-d oflI'OS nd eaeb

AloaReeach Ia c.,pot conrol a mayb

Tbi IubO ton ratio b
Sto tK

~~/t5

Alcoa Research Laboratories

Best Available Cop9



NOTICE

This document may not be reproduced or published in.

any form in whole or in part without prior approval of the

Gover'rnnent. Since this is a technical management report, the

information herein is tentative and subject to changes, correc-

tions and modifications.

Best Available Copy



& ABSTRACT

The tensile, compressive, shenr rnd bepring properties

have-been determined for 11 of the 2014-T652, 2024-T852,

7075-T7352 Pnd 7079-T652 hpnd forgings being investigrted. The

property vwlues ond the rptios among these properties Pre

reported. All of the tensile .nd compressive stress-strrin

tests, including modulus determin-tions, hAe-%een mrde. The

results of the individual notch-bend fracture toughness tests

are reported. All of the remaining axiAl-stress fstigue tests

of smooth specimens were completed. (2

The current status of the stress-corrosion tests is

presented. Performance of the 2024-T852 And 7075-T7352 forgings

1-h04- he, in general, been- typical of that expected for these alloy-

temper combinations. Accelerated exfoliation tests of specimens

from the 6x24-in. hand forgings displayed excellent resistance

to exfoliation, and there was no significant difference between

alloys. The fatigue crack propagation tests of the 2014-T652

specimens have been completed. The effects of notch geometry,

specimen length and change of the load during testing are

reported.
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Fifth Technical Management Report

MECHANICAL PROPERTIES, INCLUDING FRACTURE TOUGHNESS AND FATIGUE,
CORROSION CHARACTERISTICS AND FATIGUE-CRACK-PROPAGATION RATES OF

STRESS-RELD-IVED ALUMINUM ALLOY HAND FORGINGS

I. Introduction.

The design mechanical properties, fracture toughness,

corrosion characteristics and fatigue-crack propagaLion rates

are four of the most important factors involved in the selection

and efficient design of aircraft structures. Such date are

needed for aluminum alloy hand forgings for several reasons:

"(1) much of the published design date ths become obsolete by a

change in the basis of specifying minimum properties, from one

in which the length, width and -.hickness were considered, to

one where only the thickness is involved; (2) the development

of a technique of stress relieval b" cold work in compression

has resulted in relatively new tempers (Tx52) for many of the

alloys; and (3) there have been some sigrntfirant problems with

forged parts in recent years t•hat were re'_sted to frncture and

stress-corrosion characteristics.

Accordingly, the properties of hand forgings of

several aluminum alloys currently being used in aircraft

structures are being determined under this contract. The tests

are intended to provide statistically reliable data for deriv-

Ing design mechanical properties for MIL-HDBK-5A, includirg

stress-strain and compressive tangent-modulus curves. In
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Pddition, dPta concerning the frActure toughness, exip.l-strese

fatigue, sLt•ess-corrosion, exfoliAtion Pnd fetigue-crpck

propagption rptos are being obtained.

Ihis Fifth Technical ibnpgement Report summnrizes the

results of Leets carried out during the fifth quarter of the

contract, nnd the generel status of the program at this time.

II. Materiel.

As previously reported in the Fourth Technical &vnege-

ment Report, all of the hand forging samples to be investigated

have been received. They meet the applicable composition and

tensile property requirements specified in Federal specification

Q0-A-3y7g and the Aluminum Association, "Aluminum Standards and

DRta, April 1963.

III. Procedure.

1-he specimens and test procedures being used are

essentielly dhe same Ps described in the First Technical

14negement Report, detec YBy 15, 1968.

IV. Progress During, q•uarter.

A. Mechanical Properties

A.l. Tensile, Compressive, Shear and BearInrg

The remaining tensile, compressive, sheer and beAring

tests were completed during the quarter. The results of all the

tests are summarized in Tables I through IV. The tensile

properties of each sample exceed the specified minimum values
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shown in Table V. Rctios among the properties of the individual

samples are shown in Table VI. These ratio values have been

submitted for statistical analyses.

All of the individual tensile and compressive stress-

strain tests, including modulus determinations, h.mve been made.

These date are now being analyzed for preparation of typical and

minimum curves which will be presented in the final report;

average modulus values will also be determined.

A.2. Pvacture Toughness

Notch-bend fracture toughness tests were made of all

the samples scheduled for test. The test results for ell but

twelve of the individual specimens tested are shown in Thble VII.
Although some of the reported values are not strictly valid by

ell the criteria of the ASTM Recommended ,%thod of Test for

Plane-SLrain Fracture Toughness of r4[tanlic fvbterials, most of

the calculated KQ values are considered to be meaningful values

of KIc. As may be noted, in most cases the stress intensity

used in fatigue cracking was only slightly in excess of 50 per

cent of' the Kc or the fatigue crack front deviated from

straightness by slightly more than 5 per cent. Retests are now

being made in the twelve cases where the values obtained in the

original tests were invalid because (1) the stress intensity

used in fatigue cracking was definitely too high, (2) there was

excessive yielding before crack propagation, or (3) because of

excessive crack front deviation.
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A.3,. Axial-Stress Fatigue

All of the remaining axial-stress fatigue tests of

smooth long-transverse specimens have been completed. The data

•- for all ot' the tests are summarized in Thble VIII and the results

of the tests completed during this quarter (7075-'17352) Are

plotted in Fig. 1.

Th genersl, the log-mean fetLigue life values of the

rcspecLvý i •: .rhg alloys erc about the same or slightly

higigOr than those of extrusions tested in a previous contract,

AF33ý(l5)-7)30, end slightly lower then those of plate tested

in previous contracts AF33(b57)-1155 and AF33(615)-2012.

B. Corrosion Characteristics

B.1. Resistance to 6tress-Corrosion Cracking

Stress-corrosion tests of short-transverse specimens

from the 2x 8 , 3x12 and 5x20-in. hand forgings were completed

during this quarter. Tests of longitudinal and long-transverse

specimens from these forgings are continuing, and have now been

in progress for 1h4 days.

All of the stress-corrosion test specimens from the

• xl6-in. end bx24-in. forgings were exposed to the 3.5% NYCI

alternate-immersion test during the quarter.

The current status of stress-corrosion tests of longi-

tudinal and long-transverse specimens is given in Table IX, and

of the short-transverse specimens in Thble X.

Thus far, no longitudinal test specimen has failed.

While tests of the 4 and 6-in. thick forgings have progressed

L.
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for only snort periods, tes' 3 o ' specimens from the 2-in. thick

forgings have nearly completed the 182-day exposure withou!

failure, thereby confirming the expected high resistance of 811

alloy-temper 'ombinxtIons in this direction.

Long-transverse failures have occurred only with

2014-6352 and 7079-1Y352 specimens stressed 13 Y5% of the tensile

yield slrength. Representative failures were examined micro-

scopica.ll end the mode of feilure was confirmed as stress-

corrosion cracking.

Ihe results of tests of sh7 rt-transverse specimens

from the 2, 3 and 5-in. thick forgings were i-onsidered in the

Fourth Technicsl Ibnegement Report, and it was observed that the

performance of the 2014-Tb52 and 7079-Ti52 materials was better

than that typically seen for these alloys. The performance was

within the bounds of existing stress-corrosion date for the

alloys, however, and therefore wasn't questioned at that time.

Subsequent test results for the 4 and lb-in. forgings revealed

more typical purformance (see following paragraphs), however.

Since the 2-in. thick forgings would be expected to show an even

greater susceptibility to stress-corrosion cracking than the 4

and 6-in. thick material, specimens are being obtained for

retests to verify the test results for the 2-in. thick 20i4-T652

and 7079-1652 forgings.

Tests of short-transverse specimens from the 4-in.

thick forgings have progressed for a period of 48 days, and the

results are in agreement with expected performance of the
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corrosion characteristics and fatigue-crack propagation rates
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and efficient design of aircraft structures. Such date are
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in which the length, width and thickness were considered, to
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has resulted in relatively new tempers (TX52) for many of the
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forged parts in recent years that were related to fracture and
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Accordingly, the properties of hand forgings of

several aluminum alloys currently being used in aircraft

structures are being determined under this contract. The tests
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ing design mechanical properties for Mll-HDBK-5A, including

stress-strain and compressive tangent-modulus curves. In

e Avast i
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crack growth rates were determined from the slopes of the crack

propagation curves.

Figs. 6 and 7 show the data for the 24-in. long

specimens (sharp notch) whose tests were started at a maximum

gross stress of 8.2 ksi. Cracks were not visible at all four

corners of Lhe notch of specimen 14 until the total crack length

was beyond 0.5 in.; specimens with this great an eccentricity

are excluded from the discussion. The humidity appears to have

affected the rate of popeagation of the specimens stressed to

this level; specimens 18 and 20, which were tested under the

most humid conditions, had the highest rates of propagation.

There does not seem to be such a correlation in Figs. 8 and 9

for specimens initially stressed to 12.5 ksi. Crack initiation

was more uniform at the higher stress.

C.l. Notch Shape

The crack growth data for the specimens having the two

shapes of 0.5-in. long machined notches (Figs. 20 and 21) are

presented in Figs. 2 and 4 and the crack growth rates in Figs.

3 and 5. The crack growth rates for the mild-notched specimens

(Fig. 20) are generally within the range of those of the sharp-

notched specimens (Fig. 21). Even eliminating particularly

eccentrically-cracked specimens such as mild-notch specimen No. 4

from consideration, there was more scatter in the results shown

for duplicate specimens than was shown for specimens having the

sharp notches. The fracture surfaces of mild-notched specimens

7 and 10, which showed a large difference in crack growth rate,

Best Available Cop,
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were visually different as were those of the adjacent sharp-

notched specimens 8 and 11. Cross-sections of the surfaces of

specimens 7 and 10 are shown in Fig. 23. Specimen 7 has a

directional or fibrous type structure in the fractured region

whereas the faster propagating specimen 10 shows a coarse, non-

fibrous structure. These specimens were taken at locations

about 3 in. apart from the same central portion of the cross-

section.

The most eccentric cracking was obtained for specimens

having the mild notch. However, few specimens having either

notch had as uniform crack initiation as desired. As reported

in the Fourth Technical Management Report, crack initation was

somewhat more uniform for 7178-T651 specimens having a thin elox

notch. In general, it does not appear that the crack growth is

significantly different for the specimens having mild or sharp

notches.

C.2. Specimen length

The results for specimens tested to determine the

effect of length of test section are plotted in Figs. 10 through

13. At a stress of 8.2 ksi, the results for the short (6-in.)

specimens are generally within the range of the results for the

long (24-in.) ones. At a stress of 12.5 ksi, the rate of crack

growth of 6-in. long specimen 9 was somewhat lower for cracks

beyond 1/2 in. than those of any of the three 24-in. long

specimens having the similar sharp notches. However, propagation

was not as slow as shown in Fig. 5 for specimen 7 having a mild

Best~
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notch. Thus, it appears that the short specimens will be suitable

for evaluating the crack propagation behavior for short-

transverse specimens.

0.3. Change in Load

Figs. 14 and 15 present the data for all specimens for

which loads were changed when the crack length reached 0.5 in.

Thus, in Fig. 14 , there is a new zero cycle origin at a notch

plus crack length of 1 in. (33.3%). The crack growth rates of

specinens lb and 19 after the reduction in load correlate well

with the plots for their initial loading at 12.5 ksi. For

specimen 13, however, the growth at this reduced load is sub-

si'antially slower up to a AK of about 10.5. The crack growth of

this specimen during its loading to 12.5 ksi had also been slower

than that of any other specimen stressed to that level so its

slow propagation at 8.2 ksi does not appear to be a result of

the higher loading.

In Figs. 16 and 17, the crack propagation results for

the specimen whose gross stresses were reduced from 12.5 to 8.2

ksi after the crack length reached 0.5 in. are compared with

the plots of specimens tested entirely at 8.2 ksi. Although it

is not shown, a "rest" period of no propagation occurs when the

load is reduced. When propagation resumed, crack growth was

slower for specimen 13 and faster for specimen 19 than was found

for any specimens tested entirely at 8.2 ksi. However, the

general slopes for the crack growth rate plots are similar for

the two methods of test.

Best Avai!ableiC
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Figs. 18 nnd 19 show the results of the tests in which

the crncks were developed to 0.5 in. Pt 8.2 ksi Pnd then propP-

gated to failure et 12.5 ksi. Generplly, the proppgstion et the

low stress does not appear to have Pffected the rate of propege-.

tion et the higher stress.

The dotP indicate that the test loads can be raised

or lowered between the levels of 8.2 and 12.5 without significantly

affecting subsequent propagption. The :ýeduction in load procedure

would eppsar to be more practicAl thpn the increase in load.

However, for the method to be worthwhile, it is necessary that

it be possible to extrapolate the rpte of crack growth to lower

or higher vplues of A K. Judging from the dnt-P for specimens

tested entirely Pt one lord level, extrppolption of the d~te

would not be relirble. This mry be C result of the eccentric

crpcking. If the revised test method described below does

produce uniform crxcking, some specimens of the other Plloys may

be tested using P reduction of lond method.

Tests of specimens of alloys 2024-T852 and 7079-T652

have been started. In order to obt.in more uniform cracking then

was found for the 2014-T652 specimens, cracks are being initipted

at the ends of P 0.20-in. long elox notch (Fig. 22) using a load

cycle of 0 to 12.5 ksi gross stress. When cracks are visible at

all four corners of the notch the load is adjusted to the

desired level and the crack propagated to 0.5 in. The test is

considered to start Pt this point. For the first two specimens,

this has produced uniform crack lengths.

Best Available Copy



V. Summary.

All of the tensile, compressive, shenr and bepring

tests have now been completed and the test results Pre shown in

Tables I through IV. The tensile properties of the svmples

meet the applicable minimum-property requirements shown in

Table V. The rptios among the properties are summarized in

ribble VI; they have been submitted for stntistica-l Pnelyses.

All of the tensile Pnd compressive stress-strpin tests,

including modulus determinntions, hpve been mrde. The test dptr

Pre being computed And Pnplyzed.

Notch-bend fracture-toughness tests were made of ll

the semples scheduled for tesL. The results of the individunl

tests sre presented in Trble VII for Pll but four groups of

specimens whose Kic vwlues were considered invwlid for repsons

related to unsptisfactory precrecking of the specimens; re-

tests are now in progress.

The remnining axir.l-stress fptigue tests were

completed. The results of the tests nre shown in Thble VIII

and plotted in Fig. 1.

The current status of stress-corrosion tests is given

in Tables IX and X. Some disparity was noted In the performance

of 2014-T652 Pnd 7079-'1652 forgings, with the I4 And 6-in. thick

forgings showing a greater (but still typical) susceptibility to

stress-corrosion cracking than the 2-in. forgings. Specimens

Pre being obtained for retests to verify the performance of the

2-in. forgings. The performance of the 2024-T852 Pnd 7075-T7352

Best Available Copn:,
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forgings hns genernlly been typicPl off thnL expected for these

nlloy- temper c ombinn Lions.

The fatigue-crnck propagation tests of the 20 1 4-T652

specimens hnve been completed. The tests (long-trpnsverse

specimens) showed that (1) the use of P sharper notch tnsn was

used in previous investigations did not appear to alter the

crack propagation behavior significAntly, (2) the 6-in. long

specimens (which will be used for short-transverse tests of

2024-T852 and 7075-T7352) gave essentilly the same rptes of

propngntion As the 24-in. long specimens, Pnd (3) when the load

wns chenged, the rnte of propegetion wns not affected by the

previous londing.

Crrck proprvA Lion tLets or 0?C)?'-T852 Pnd 7079-T652

specimens have been initiated. Use of A 0.20-in. long elox

notch insterd of n 0.50-in. mrchined notch and crpck initiption

Pt P higher stress have produced more uniform cracking in the

first severpl specimens. 'The 7075-T7352 specimens ere Piso

being elox notched.

D.J." BR0WNH•I"

C. F. BAB-LON

Best Available Copy
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Ibble VIII

TABLE VIII

RESULTS OF LONG-TRANSVERSE AXIAL- STRESS FATIGUE TESTS
OF STRESS-RELIAVED ALUMINUM ALLOY HAND FORGINGS (RwO.O)

(F33615-68-C-1385)

Alloy •
and Sample

'Ibmper SMzeI In. Number Cycles to Failure

%ximum Stress, psi 60 000 40 000 35 000

2014-163-, 21007 34 200 4 358 100 10 264 500*
4x6 341009 17 700 1 032 800 6 252 200
•xlO 341012 1 900 230 000 10 017 300*
6x12 A311015 7 7J0 142 200 14 323 200*

1,og- Muan Fatigue Life 17 200 619 400 -

2024-T T 8x-8 341017 22 600 252 900 10 029 500*
-4x 34>1019 1C 700 18o 700 19 845 700*
5x10 51402? 1~4 500 90 200 17 189 jo0*
6xlZ )41015 7 200 93 600 14 882 400*

Log-fean PnLigue Life 13 700 140 200

%ximum. Stress, psi 60 000 45 000 58 000

7075-T3552 2xb 541027 28 Ioo 4 084 8oo 14 882 600*
4x 8  .41029 4 '6.00 82 40o 1 455 800
5xiC 541052 I 0'z' 51 100 105 800
ex1? 341035 3 bOO 38 600 93 000

Log- an Fetigue Life 8 300 160 500

7079-T1532 ?'x8 341037 22 200 109 800 720

4x 8  3541039 22 700 61 400 11 607 400*
ýx10 341042 19 200 75 500 162 700
6x12 341045 11 400 40 200 146 400

iog-Mean Fstigue Life 18 100 66 900

* Specimen did not fail.
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2014-T652 SPECIMEN 3'41016-7 Y189 100X, Keller's Etch
a. Slow Propagation

* ~ . .

tTI A 7
,...* .k.

t .e ** **

Mg. 40XIKll sEc

b. Fast Propagation
STRUCTURE IN THE SURFACE REGION OF FATIGUE CRACK PROPAGATION,

MAX. GROSS STRESS =12.5 ksi

Fig. 231

Best Available Col.


